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(54) A gas barrier film 

(57) The present invention provides a gas barrier 
film including a plastic film and a thin film which is made 
of a composition containing an oxide as a main compo- 
nent and is formed on at least one surface of the plastic 
film. A specific gravity of the thin film is 55% or more and 
1 00% or less of a specific gravity of the oxide in the form 
of a crystal generally present at room temperature and 
under atmospheric pressure. Thus, the invention pro- 
vides a gas barrier film having an excellent gas barrier 
and retort properties and bending resistance; a gas bar- 
rier film suitably used in a wrapping material for dried 
food, liquid food or food containing liquids, frozen food 
and retort food; a gas barrier film that can be used in an 
electronic oven, can be sterilized by micro waves and 
can contain a free-oxygen absorber; a gas barrier film 
suitably used in a paper carton, a tube, a lid and the like; 
and a gas barrier film suitably'used for cutting off gas for 
industrial use. 
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Description 

BACKGROUND OF THE INVENTION! 
5 1. Field of the Invention: 
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ma J£L P * < i T 6 at6S t0 3 f " m USed In wrappin9 materials that is r^"* «o be airtight such as wrapDina 
materials for food medicine and electronic components, the wrapping materials having excellent gas barriefa^d reCt 
mg properties and bending resistance (gelbo characteristics) 



2. Description of the Related Art: 



H«nJ ^ISE^ T 9 6r m ' the ,0 "° Win9 filmS are known: ,ilms wmprisSng a plastic film coated with a vinyli- 
« Si a P ° •? aco P 0, y mer of etn y ,ene a "d vinyl alcohol; and films comprising a plastic film having a I 

rs film of aluminum or an ox,de (such as silicon oxide and aluminum oxide) laminated thereon ' 

However, the former films have an insufficient gas barrier property against vapor, oxygen and the like Particularly 
when such films are used at a high temperature, the gas barrier property is markedly low Moreover t^nSwZ 
X HnSSSS! 6 COP0 ' ymer h3Ve 3 Pr ° b,em ° f af,6C,in9 envi — ' they generate ch^in7gLs 

20 A m? P9 latter f !! lm '' those navina - a thin ,ilm of al "™™" ^e economical and have an excellent gas barrier prop- 

£ l^Z ' S ' nCe th f f "T 15 ° PaqUe ' thS C ° nt6ntS ,h6rein Can not be seen ,rom the ° utsid *- Moreover, when the 7m 

UB pZ^Z^T- T bS C0 ° ke ? in an 6leC,r0niC ° Ven Since micro waves d0 not P™*- the film. 
fi.m of %Ln o ^ 442 '?* 6 descnbes a ^nsparent flexible gas barrier film comprising an inorganic thin film such as a 
film of silicon oxde and aluminum ox.de evaporated on a surface of a synthetic resin film substrate and a film further 
25 comprising another resin film laminated on the gas barrier film 

nr at i ap T eSe ^ atent , Publica ' ion Na 51 - 4851 1 discloses a gas barrier film comprising Si x O y (for example. Si0 2 ) evap- 

rZ E TJ 4 Z 3 f y , nthet ' C reS ' a Whe ° SUCh 3 Si ' iCOn 0xide type ,ilm is used for wra PP'"9. »» contents therein 
can be seen from the outside since it is transparent. Such a film can be used in an electronic oven 

so ti C1J | a r U rnmn ab °n e tT'^ insufficient 9 as barrier P^Y- Among such films, one having a par- 

n™l? n„ 1 -fh ' S ' T h9V u 9 8 Si °^ (Wh6rein y = 13 10 18) type thin fi,m has a ^fatively excellent gas barrier 
p operty. However it has a brownish color. In addition, the gas barrier property and the bending resistance of such a 
silicon ox.de type film are still insufficient. "Having a bending resistance" means not losing a gas barrier prcperty by 

JSSli'J'I? 'n Step rl af !f r f °T in9 8 fi ' m (, ° r example ' S,eps °' laminatin 9' P rintin 9 and makin 9 *>ags) or by careless 
35 mem bending resistance is evaluated by measuring the gas barrier property after the gelbo treat- 

Japanese Laid-open Patent Publication No. 62-101428 discloses a gas barrier film comprising a thin film contain- 
ing aluminum ox.de as a main component. This film is completely transparent and chemically stable, and the material 
costs are small. However, the gas barrier property against oxygen and bending resistance are not sufficient Moreover 
the film requires careful handling because the thin film itself is brittle. 

40 a J Wese Uid-Open Patent Publication No. 2-194944 discloses an Al 2 0 3 -Si0 2 type film as a gas barrier film with 
a retort property. Having a retort property" means having an excellent airtightness and flexibility even after a high tern- 
perature treatment. The retort property is evaluated, for example, by measuring the gas barrier property under a condi- 
tion for producing retort food. The Al 2 0 3 -Si0 2 type film comprises an Al 2 0 3 layer and a Si0 2 layer laminated 
successively on a plastic film. A large scale machinery is required for the production of such a film. The gas barrier prop- 

45 erty and bending resistance of such a film are not sufficient either. 

Further, a gas barrier film comprising a layer made of a composite oxide (an oxide containing two or more kinds of 
metals) formed on a film substrate is known. For example, Japanese Laid-Open Patent Publication No. 1-176069 dis- 
closes an M-S.-0 type gas barrier film, wherein M is at least one kind selected from the group consisting of Na Mg Al 

«, .;J a 'i o'J^w Fe ; C0 ' N !' C ~ Zn ' M °' A9, ln ' Sn ' Sb and v Ja P ane se Laid-Open Patent Publication Nos. 61 Wl 34 
so and 61 -2971 37 disclose a MgO-Si0 2 type and a MgO-CaO type gas barrier films, respectively. However, none of these 

films has a sufficient gas barrier property, an excellent bending resistance and a retorting property. 

tha Tne thin ^ m 4 f orm .f d on the P ,astic film must be as thin as possible in order to improve the bending resistance and 

the contrary, the thin film must have a certain thickness (for example. 2000 angstroms) so as to improve the retort prop- 
-b Zll 3 r T"^ 8 Sn alyminum oxide thin ,ilm 'abated on a plastic film is used for wrapping retort food a 

£2£^t r 6 CKneSS ° f ,h6 " lm iS P ar,icu, ar'y small. Moreover, the film used for wrapping retort food is 

^siTriSsx 0 ' ,he various steps of production such as the heat seaTn9 step - a printin9 

.entb1nlT~ 
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SUMMARY OF T HE INVENTION! 

♦ aini l h L 9aS -If rrier fi ' m 0f <hiS inVen,i ° n com P rises a Plastic film and a thin film which is made of a composition con- 
taimng an oxide as a mam component and is formed on at least one surface of the plastic film A specie S^vTofT. 
h.n f, m .. 55% or more and 100% or less of a specific gravity of the oxide in a form of a crysta.^ene alfy P rise* at 
room temperature and under atmospheric pressure. generally present at 

' n another as Pect of the present invention, the gas barrier film comprises a plastic film and a thin film which is made 
o a compos .on conta.ri.ng a composite oxide as a main component and is formed on at least one surfaced the JTaSc 

Thus^ rein 0 !" 6 " ^ Z ™« «« °' '~ °» 8 SP6Ci,iC **** "SS ««. 

excenent n« h h6re ' n mak "* P ° SSib ' e the advanta ^ ° f <D Priding a gas barrier film having an 

wranln S ^ iTl^* 5 "* b6nding resistanc * <*> Providing a gas barrier film suitably used in a 

ban? ^ fL that l^'T' f °° d " f °° d COntainin9 fr02en food and retort food; (3, proving! gas 

barrier film that can be used in an electronic oven, and can be sterilized by micro waves; (4) providing a oas barrier film 
suitably used ,n a paper carton, a tube, a lid and the like, or in a bag in which a free-oxyUn 
t.vely; and (5) providing a gas barrier film suitably used for cutting off gas for industrial use 

anri unH!«f a n nH 0t !!^ a< ? Vanta9e l 0f the Pr6Sent inven,i0n Wi " become a PP arent to th£ *e skilled in the art upon reading 
and understanding the following detailed description with reference to the accompanying figures. 

BRIEF DESCRIPTIO N OFTHF nRAW.Mftft 

ra rJ!S Ure 1 V 9raph Sh ° Win9 reSU ' ,S ° f Example 1 and Comparative Example 1 of the present invention havinq a 
^ M ,hin ,,,m t0 th3t °' *"* 38 3XiS °< «*~ - a " permeability of t^in 

25 DESCRIPTIO N OF THE PRFFERRED EMBODIMFMTS 

The gas barrier film according to the present invention comprises a plastic film and a thin film formed on at least 

ZZTnlT: P ' aSt i ,i,m ' ? e P ' aStiC ,Hm iS maNy made 0< an 0r * a ™ po *™" Exam P'^ oHhe oTgtn^ po me 
30 66 nvfnE if,," ' P ^ y ?' po] ^ ene 'erephthalate. polyethylene-2,6-na P hthalate, nylon 6. nylon 5. n£n 
30 66 nylon 12, polyvinyl chloride, polyvinylidene chloride, polyvinyl alcohol, polyamide imide. polyimide polyether imide 

clT^ P ° /Phen/I SUlfid . e ' po * phen * lene oxide and a "y kind of aromatic polyamides. Such an organk poly™ 
can be used singly, or a copolymer or a blend of two or more of them can be used 

A thickness of the plastic film is preferably 1 to 500 urn, and more preferably 5 to 300 urn 

Moreover, the plastic film can contain a known additive such as a UV absorber, an antistatic agent a plasticizer a 

£ T\ a ? 8 1 0 '??." 9 a9ent Wh6n tt iS US6d 33 3 ,rans P a ™» gas barrier film, a content of each of Ve acSZ Zust 
be adjusted so that the resultant film has a light permeability of 50% or more aaa.t,ves must 

The thin film formed on at least one surface of the plastic film is made of a composition containing an oxide as a 

~T ° X ? e £ 6rein 3 COmP ° Und ° f 3 me,al ' a non - metal or Semiconductor and oxygen and 

includes a compos.te ox.de. Examples of the oxide include silicon oxide, aluminum oxide, magnesium oxide calcium 
40 ox.de, boron ox.de. zirconium oxide, titanium oxide, zinc oxide, strontium oxide and barium oxide. Thi^o^toSto 
herein means a mixture of two or more of the above-mentioned oxides or an oxide containing two or ™fmeta?ele° 

Z Z Tn Pl Vl n 6 ° f th6 ° XideS inC ' Ude 3 miXtUre °* Al 2°3 and Sj 0 2 - a "H-ura of MgO an SiS a m x- 

ture of ln 2 03 and Sn0 2 and a mixture of Al 2 0 3 , MgO and Si0 2 . Examples of the composite oxide include an o^e 
containing Al and Si, an oxide containing Mg and Si, and an oxide containing Al. Mg and Si 
45 a rl^ZT* l! m COmpr j ses a com P^i»ion containing silicon oxide as a main component, the thin film comprises 
n 7,? i n wh,< ; h can u conta,n various <yP a « of silicon oxides in which an extent of oxidation of such silicon oxides is 

2^tXT , ° Xid K 6 inC ' Ude Si0 ' Si ° 2 and ,hS "' ke ' and ,urther inc,ude a silicon ™«* which is!e s 
ox,d zed than S.0 A proportion of such components depends upon the production condition of the thin film The com 

so ' Th1Z C TV° % ° r ,SSS °' ° ,her com P° nents the characteristics of the thin film are spoiled ' 

nr ie « f v ,,lm u com P r,ses a composition containing aluminum oxide as a main component the thin film com- 

^JiSE^XT?" C T n r ' ,0US tVPeS ° f a ' Uminum ° xides in which an « oJa ,on ^Ta^ 
num oxides s not limited. Examples of the aluminum oxide include AIO, Al 2 0 3 and the like and further ind.^Tn 

oTtnTZ ^T^lZT^ ,ha . n . Aia A P " p °^ °< «*" components 3 depend^ ^^c^S 
55 are spoiled ' ^ ^ ^ 3% " ' 8SS ° f ° ,her com P°"^ts unless the characteristics of the thin fifm 

:x£~^ 
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example, the thin film comprises a composition containing at least one selected from SiO SiO, AIO Al O a mm™* 
the tl h f,w™ , «! lm COmprises a com P°sition containing magnesium oxide and silicon oxide as main components 

n,,n^T mC 9raVity i th6 thin <ilm iS 55% 0r more and 1 00% or less of o' corresponding naturally occurrina 
s^S^ 

cffio ^i^"* ^ CrySta ' '° rmS - The SP6Ci,iC 9raVity 0f the standard oxide is her * in «aken as the spe- 

oxSe Sen a h at * 1 a tz 0 2 m 6 l em P erature , under atmospheric pressure. For examp.e. the.specific gravity of silicon 
« ! * « q SpSClf ' C 9ravity of alumi ™™ oxide is taken as that of a-AI 2 0 3 3 97 The soe- 

crf.cgrav.ty of magnesium oxide is taken as 3.65. and that of calcium oxide is taken as 3 37 

' 5 of thf™ £■ ITf iC . 9raV ,' ty iS meaSUr6d by measurin 9 a ma ss and a volume of a substance and calculating a ratio 
£«T%£E?JS£^ V t6mperatUre ° f 4 °° Wi,h the Same V0,ume ' But " is difficult * ™ a sure the speci?ic grav^ 

1 c cf 1 «7 u nVe r ,IOn b6CaUSe thS thin ,ilm is lamina,ed onto ,he P' astic Therefore, preferably the tWn 

2 miSS^TS o j.s a K st 7i i n 2 m P 0r the p,as , tic fi,m a,one is me,ted at ,irst Then ,he speci,ic °< ^ 1 

is measured according to JIS K 71 12. For examples in a sink and float test, a sample is sunk in a solution with a known 

£ e s ^h 9 s T ^ and thSn J he S f* iC 9raVitV °' the S3mple Can be de,ermined ,rom » he "»* an d ''oatg si thereof 
As such a solution, a mixture of carbon tetrachloride and bromoform or methylene iodide can be used. Afternative^e 

^.S^?^! meaSUr6d ^ 3 d6nSity 9radiePt metHOd " WWCh 3 Samp ' e iS SUnk in a solu,ion having a cont.n 
The oxide thin film formed 6n a substrate film by evaporation generally has a lower density, i e a lower specific 

' IZlTJll* na r," y 6 ■ StinS ° Xida ThiS " b6CaUSe (1) at0ms of an atmospheric 9 as the^aporSon 
th?thin iTZ ^? UOden I'" incorporated int0 the < ilm during the evaporation and (2) an atomic orientation of 

Z£XL w £!Si prop^. the thin fi,m is formed by ev ~ A ,ower density ' a — 

As described above, a ratio of the specific gravity of the thin film in the gas barrier film of the present invention to 
the spec ,c gravity of the oxide or the composite oxide is higher than the conventions one and is 55% or mor^Snd 
100% or less, preferably 60 to 95% and most preferably 63 to 90%. When the ratio is less than 55% the th.™ Im can 
not suff.ciently cut off gas because the density of the oxide or the composite oxide is low. i.e.. the thin Hm is co^se ^ 
hav.ng a high density of the oxide or the composite oxide therein, i.e., a fine thin f ilm is Ci e2 o p3e a 
erSSS S H Pr ° Per . ty "I T" WOrdS> thS thin ,i,m mUSt have a lar9e speci,ic 9™«y- ™smeans that a pref 
taTnel^ therein 3 SPed,iC ^ * ^ lh '' n ^ '° that ° f ,hS ° X ' de ° r the COmposite oxide con ~ 

th a thl h fl the thi ? '"w C ^ prises a imposition containing silicon oxide as a main component, the specific gravity of 

Whin P r ^ V , 1 - f K* 2 20 ( ' a ' 68 10 83% ° f ,h6 Sp6Cif iC 9ravi,y 0f *""*>■ and more P'*»«*y 1 - 90 to 21 5 

HSU Sp< f ,c 9rav,ty of ,he is than 1 .80, the structure of the thin film can be too coarse to provkfe a 

sufficient gas barrier property to the resultant film. When the specific gravity of the thin film is over 2 2? ihST the 
gas bamer property of the resultant film after forming the thin film is excellent, the mechanical property espeS he 
bend.ng res.stance of the resultant film is inferior and the gas barrier property is largely degraded SwU^^i^i 

me wh eCa r £' I?" fi ' m iS t0 ° ri9ld - Thus such a ,ilm is not Citable foT use as a J 9 
4 ♦„ .J". , comprises a composition containing aluminum oxide as a main component the specific oravitv 

2 80?3 n 20 Wh«ntf ,y V° t0 3 f ?" t ' 68 <0 83% * ,h6 Sped,iC 9raVity ° f M ™ ^T^^SZ 
be to! r^LT I ^u- 9 T* ° f a{Um ' Wm 0xide ,hin ,ilm is less than 2 - 7 <>- the structure of the thin film can 
,s ov«r \Z JZ ^ZT 3 935 barri6r Pf0perty t0 ,he resu,tant ,i,m ' When the specific gravity of he Z Mm 

property, especally the bending resistance of the resultant film is and the gas barrier property is largely degraded after 
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the gelbo treatment because the thin film is too rigid. Thus such a film is not suitable for use as a gas barrier film 
-atedTf^^ 

Z-a 1 X 1 +a 8 X 8 +... + a n X n 

n 

i 

^comp^oxidr X " " ' eSPe * e ^ 9ra " i8eS °' me " Wnds of ,he °» aes ' * M 2 * •» *<*>* g, a v«y of 

] ; 2=.aX + (l-a)X' 

D = 0.01A + b 

•» iKSSESSS* a compo * n con,a * ,,n9 ma9nesium 0>ide and —» — - «* «»*»<->. 
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D = 0.011B + b 
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The gas barrier film of the present invention is produced as follows* 
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5 and Si0 2 as the source materials. In the case of using Al and Al 2 0 3 , the ratio is preferably 1 1 0 30 to 10 To In th^L 

To Pre,erab ' y 5:1 ° tO50:, °- ' n ^ °' USin9 ^ and SiQ 2 2 

^"S^ZZ^ 6 e ~- and ,he speed at which the »™ - ~ o~ 

SiO T ^n^h^!S! n ^ CUrrent °' th l EB 9U " iS ' f ° r examp,e ' pre,erab| y 0 8 t0 15 Ampere (A) in the case of using Si and 
s t% n I USm9 3 comb,nat,on of A « Al 2 0 3 . a combination of CaO and SiO , a combination of A 1,0, MaO 
5 and S,0 2 , the current ,s preferably 1.0 to 2.0 A. In the case of using Al 2 0 3 and Si0 2 . the'^^SlyO 8 t?S2 

A. In the case of using MgO artd'Si0 2 , the current is preferably 0 8 to 2 5 A P'eterably 0.8 to 2.2 

SiO ^H^^ °J P,aStiC fi ' m iS ' f ° r 6Xamp,e ' P referab| y 60 to 120 m/minute (min.) in the case of using Si and 

e abi y ^ 0 mate ; ial in ^ e,ectron ,n *• ^ se * u l q a , A i 203 . jzsz^i 

erably 40 to 1 00 m/m.n. In the case of a combination of CaO and Si0 2 , a combination of Al,0, MoO and SiO i ha J»l 

° SEE M 'oand 2 T' !" ?" T 2 U * 8 A ' 2 ° 3 ^ ^ ^ "" iS P^^^^^lhVS 

hLZ 9 ? 2 2 ' ratS ,S Pr6ferably 10 t0 200 m/mia ln ,ne case of usin 9 Al in the high frequency induction 
heating evaporation, the line speed is preferably 20 to 1 50 m/min equency induction 

The vapor pressure is. for example, preferably 1 x 10" 5 to 5 x 10" 3 Torr in the case of using Si and SiO, as the evan 

f hi nl. , , , he < case ° s f us,n 9 3 combination of CaO and Si0 2 and a combination of Al 2 0 3 , MgO and SiO, 

0 CsTTo'* ToTlnZ X 10 ' ,0 5 X m '^ T ° rr the C3Se ° f USin9 A, ^°3 and Si ° 2 ' the Presslreis p'ref erably 1 x 
1 ♦ I u u 6 CaS6 ° f US,ng M9 ° and Si °2" 1ne P ressure is Preferably 1 x 10 5 to 8 x 10' 3 Torr When Al is 
evaporated by the high frequency induction heating evaporation, the vapor pressure is preferably 1 x 10 * to 8 ' x ?q3 

As a reactive gas used in the vacuum evaporation, oxygen, nitrogen, vapor or the like is used. A reactive evapora- 
tion using an ozone addition or ion assist can be performed instead of introducing such gas 

In the vacuum evaporation, a bias voltage can be applied to a substrate, or the substrate can be heated or cooled 
down unless the object-ves of the present invention are spoiled. Also in other production methods such as thVspu«er inl 
evaporation or CVD. the production conditions can be varied. sputtering 

The gas barrier film obtained in the above-mentioned manner can be used singly or other organic polymer films or 

ion Ca, ? e ' am,nated ° r COat6d there0a A " example inc,udes but is not *» *• use oTa lamina 

ton structure of an unor.ented polypropylene film/an adhesive layer/a silicon oxide type thin layer/a polyethylene te^Z- 
thalate film/an adhesive layer/a printed layer/a polyethylene terephthalate film P°.yeiny.ene terepn 

h* 9 n 3S ba [ ne , r film ° btained thS above - men «°ned manner is suitable for use in wrapping materials which can 

IrZTno ^TJ^T^T^ * ^ and ,n WhiC " 3 absorber functions effectively for 

wrapping dried food, liquid food or food containing a liquid, frozen food and retort food 

oar J n a Z!!tt^ e . dried *** T <0 bUt indude Sn3Cks Sucn as P 0,at0 chi P s a "d popcorn; quickly pre- 

pared noodles, table luxuries such as tea and coffee; grains such as flour, rice and wheat 

As a material for wrapping the dried food, the gas barrier film of the present invention can be laminated on various 

^e a nHoh r r Per ' 2 6 T ,° f 935 barner ,ilm ,he ,HmS and/0r Paper depend upon cteracteLTZT^t 

1? 6 , Wrapped - J^! 03 ' f amples inc,ude a lami "ate comprising a polyethylene film laminated on a thin film Ve 
he oxidefilm) ,n a gas bamerfilm of the present invention comprising a polyethyleneterephthalate (PET) fi m as 'a base 
Mm; one comprising an unoriented polypropylene film laminated on the thin film of the gas barrier Hm o The presem 

Son theTn 9 3 33 3 baSe ,i,m; ° nS C ° mpriSin9 3 nylon ,ilm and a p °'^ne ^ Z^S^. 

nSSn T f J, m 3 ? aS barr ' 6r ,i,m ° f 1he present inven,ion comprising a PET film as a base film- and one com- 

a a base'? "J TrlT h^T'T ^ ^ Wn ,ilm ,n 3 935 barrier f i,m of the present invention comprTs ing a nylonTm 
n S I « m u h0d f ° r ,am,natin 9 ,hese film s is not limited, but a dry laminate and an extrusion laminate are 

preferable. Moreover the gas barrier film can bear a printing, for example, instructions for the use of MS 
the like or can be adhered to a film for decoration or as a reinforcing film contents and 

taine;ToT P t ,e e rl5 U J d n f « 0d 1**? C ° niai ™ 9 * " quid not limited ,0 but include various P ick,es : ™*>- 'ood con- 
tained together with sause; and seasonings such as sause. ketchup and mayonnaise 

rier UnZo^Z^ ^ "V ^ i00d C ° ntaining 3 ' iquid ' various ,ilms be lamina ^ on the gas bar- 
rier film depending upon characteristics desired by the content to be wrapped Typical examoles include a iLin^l 
comprising a polyethylene film laminated on the thin film in a gas barrier f ilmTf the pSntTvention S^TZ 
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!i!Tnl a .n» LllT C ° mpriSin9 a " dented polypropylene film laminated on the thin film in a gas barrier film of 

™^ ?~ e ,i,m ~ ™ 

P o,ypro P y,ene film laminated P on the ,hin^^^ 

base «m. The method for laminating these films is not limited, but a dry laminate 

« in £ST * V"*?"?" can b *« * printing, for example, instructions for ^euToZe^Zs ^^e 
or can be adhered to a film for decoration or as a reinforcing film. 8 

it inJr^T?' Wra r P f if19 b0di6S C3n be P roduced b y sticking the gas barrier film onto paper and the like and shaoina 
it into a desired form. The wrapping body is not limited in its shape. Examples include a ^Qt^i^^^^mSS 
a paper carton, a three-sided seal bag and a four-sided sea. bag), a lid material, a cup a tube staS pacE aS a 

a^rSbSy. 9as barrier ,i,m of the present invention is used as a wh ° ie - a ^vss^Si 

barrilr film «f r t h° art0n T * m ^ 6 ° f com P° site P^^ The composite paper can be a laminate of the gas 

ba mer film of the present invention on a plastic film and the like. The shape of the paper carton is not limbed to hut 

Further, the gas barrier film can be used for cutting off gas for industrial use. 
Examples 

Jn.L P I 6 !? inVenti ° n Wi " P0W be d6SCribed by way of exam P'es. Each thin film in each gas barrier film obtained in 
examples and comparative examples described below was evaluated as follows: obtained in 

(1) A method for measuring an oxygen permeability: 

The amount of oxygen permeated through a film was measured by an oxygen permeability measurino aooa 

SKfflsr^ t 0 - ox - tran 100 (a ,rade name »* ^^o^7^: n 

^ permeated per 1 m and 24 hours under 1 atmospheric pressure as an oxygen permeability. 

(2) A method for retorting: 

A sample film was allowed to stand at a temperature of 1 20°C for 30 minutes. 

(3) A method for the gelbo treatment: 

eter 1Z% 1 1 * '' nCheS . X 8 inChSS W3S Shaped int0 the form of a hol,ow <*•"*•' having a diam- 

eter of 3.5 inches. The cylinder was grasped at two positions near the respective ends with an interval of 7 inches 
herebetween by using a Gelbo Flex Tester (M.L-B131H) (produced by RIGAKU KOGYO CO LTD ) anc Sen 
twined a a temperature of 20°C under a relative humidity of 65% by 400 degrees so as to make the d^tance 
between the grasping positions to be 3.5 inches. This action was repeated at a rate of 40 times/min 

(4) A method for measuring a vapor permeability: 

A vapor permeability was measured in accordance with JIS K 7129. 

Example 1 

5 mm wereS ~? 99% *°* ^ ^ °' " 9% b0th ,n ,he shape of par,icles * diameter of about 3 to 
5 mm were used as evaporation source materials. They were evaporated upon one surface of resoectivp ppt nimc 
(produced by Toyo Boseki Kabushiki Kaisha; E5007) with a thicknei of 12 „m by ^ J^^S^^iZ^ 
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film at this point. The results are shown in Table 1 . 

Comparative Example 1 

5 a „H l h n 6 "J 8 °' Si ' iCOn ° Xide 938 barrier thin ,ilms were ,ormed in ,h e same manner as in Example 1 exceot that Si 

strorns A TJolZT'^V T V™** ^ 3nd 3 ,hickness of each thin < ilm was made to be 1000 ang 

samT mann r a S £2°. Trl T T * ™ °' and the ° Xy96n "■«"•■««* obtained in the 
fn^H SIT-!,* .u u 18 1 ■ The r6SultS are snown in Table 1 • Each obtained in Comparative Example 1 was 
found to be inferior in the barr.er property, having a smaller specific gravity. sxampie i was 

w The results of Example 1 and Comparative Example 1 are shown in Figure 1 as a graph showina a ratio of the soe 
c,f ,c gravity of each of the obtained silicon oxide gas barrier thin films to that of quarfc (i^ a standard oSS as the axS 

tTZVo ZTsiTorZ^i oi r ,hin : i,m a i ,he ™ ° f abscissas - jh ° thin f ^ ^ s-p" 

f ^hSnL2p« t e 8 ° f thS ab0V8 rat '° and excellent oxygen 9 as barrier Properties. However, the thin 
? 5 baTrter TopvL ^ " ' * *> ^ ^ 55% ° f the ab0V8 ra,i0 and if1ferior ^ ^ 

Example 2 

Al with purity of 99.99% and Al 2 0 3 with purity of 99.9% both in the shape of particles with a diameter of about 3 to 
f ^ *! 8vapora,ion source materia| s- They were evaporated upon one surface of Sec, ve PET ifms 

(produced by Toyo Boseki Kabushiki Kaisha; E5100) with a thickness of 12 M m by the EB evapoSt on to form aluminum 
ox,de gas barrier thin films respectively having a thickness of 300 to 5000 angstroms. The e^tS^^Sriato 
azZT*"* ' 0aded separate| y int0 a hea " h divided into two portions with a carbon P la£. The EB gun wis used 

W^SSZX^SP , r ' and "f 3 W6re 8aCh h8at6d Separat8ly - The thickness of tne *.n Is was con 
trolled by varying the follow.ng condit.ons within the following ranges: an emission current of the EB gun from 1 0 to 2 0 

SiT. em T ,0 V' m " t0 5 A ' t0 ,ha V° A ' 2 ° 3 from 10 : 30 10 10 ■' a PET ,ine s P eed <™ « to 100 rnZin and a 
ZCSln 10 T ° rr , byVaryin9aSUpD,yamountof Under such various conditfons 

rier ftlms 33 ^ * 2 Were ,0rm8d 00 th8 PET ,ilmS ' res P ectiv ely. thereby obtaining gas bar- 

After dissolving the PET film of each of the obtained gas barrier films, a specific gravity of each thin film was meas- 
ured by the s.nk and float method. A ratio of the measured specific gravity to that of a Al 2 0 3 , 3. 97 was Sated The 
amount of permeated oxygen was further measured to calculate the oxygen permeability of each thin film at this point 
The following experiments were conducted on the gas barrier films which were not used for the measurement of 

Ef ?pp ( C , 9 Tl T 5 ?" 0 "'"I W3S ° btained by dry laminatin 9 an unoriented polypropylene film (hereinafter called 
the CPP f m ) with a th.ckness of 60 M m on each thin film formed on the PET film by using a two-component polv- 
urethane adhesive (with a thickness of 4 ,m). After the retorting or the gelbo treatment (for 5 minutes) was performed 
the amount of permeated oxygen was measured to obtain the oxygen permeability. The results are shown in Table 2. ' 

Example 3 



25 



40 



Aluminum ox.de gas barrier thin films were formed in the same manner as in Example 2 except that the vapor ores- 
sure during the evaporation was 1 x 10" 5 to 5 x 10" 4 Torr and a cooling temperature of the chill roller was -20°C to -5°C 
IZI JTJ^ n ♦ °L the ? Xa l ne Z ,hin <ilmS WaS in the range of 3000 t0 5000 angstroms. A ratio of the specific 

1?th ♦ .° ' 3t ° f a ' Al2 ° 3 aPd th8 ° Xy98n P ermeabilitv ™* obtained in the same manner as in Exam- 
45 pie 2. The results are shown in Table 2. 

Comparative Exampjo ;> 

™ a = t . Aluminum oxide 9 as barrier 1nin ,ilms w ere formed in the same manner as in Example 2 except that Al and Al ? 0, 
n (n TZ 5 ? S0Ur °! ma,8fialS Wef8 miX8d and a thickness of each of the obtained thin films was in the range of 

Zrl n J!" 95 .! 0 " 18 ' rat '° ° f th8 SP8Ci,i ° 9ravi,y 0< each thm ,ilm t0 lhat of «- A, 2°3 and oxygen permeability 
were obtained in the same manner as in Example 2. The results are shown in Table 2 

IS 9as barrier !j lms obtained in Example 2 showed an excellent oxygen barrier property, having an oxygen oer- 
ss S excel LnnnT. ' ^ * ^ " ' eSS ^ ^ ^ Xreatment Mer the 9elbo ^ent for 5 minutes the fJms 
ZT ^Z™T?S y96 Z barri n PrOP ! rty ' haVi " 9 the ° Xy96n P ermeabili ty raised by about 2 cc/m* . atm . day or 
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Example 4 



Al with purity of 99.9% in the shape of particles with a diameter of about 3 to 5 mm were used as evanoratinn 
source material. The Al was evaporated upon one surface of respective PET films (ottk^^T^B^S^ ^ 

5 ££^ 00) a , , I hiCkneSS ° f 12 ^ by ,h6 radi ° ^V) .rKS^C^^SS aluminum 
S > , \ ?■ " mS respectivel ^ havina a tnickn ^s of 500 to 4000 angstroms under fhe ^n^^ES ? • 

ured^t'SlS^t ^ ° bta,ned 938 b8rrier """^ 3 SP8CtfiC 9r3vity ° f each <hin was mea «" 

ured by the sink and float method. A ratio of the measured specific gravity to that of o-Al a O, 3 97 was calculated The 

a^hrpoinr" 6 ^ OXy96n P6rmeabi,ity ^ ,Urth6r meaSUfed t0 Ca,CUlatS o^^^XSSnZ 
15 th The .; ollowin .9 experiments were conducted on the gas barrier films which were not used for the measurement of 
tTea m/n ' "TT ^ ™~ ,n ,he Similar method as in Exam P'* 2. After the ^0^9 oMhTge bo 

ZTi^nTX 6 amount of permea,ed oxy9en was measured » ° btain *• «w« ~; 9e ;h b e o 



20 Example 5 



25 



AtawoxidegasbarriefthinfilmwasAtainedinft^ Example 4 except that the vapor pres- 

A ratio o , SI T^'T TJ * J° t0 5 X 1 ° T °" and 3 C °° ling tem P era ^ of the chill roller Js 20°£* Z°l 
A ratio of the specific gravity of the obtained thin film to that of a-AI 2 0 3 and the oxygen permeability was obtained in the 
same manner as in Example 4. The results are shown in Table 3. meaDimy was ootamed in the 

Comparative Example 3 

« r ,/ luminum ox , ide 9 as barrier tnin ,i,m s were obtained in the same manner as in Example 4 except that an electric 
IS-^r aPP "! d d . Uri ' n9 thS eVaP ° rati0n Dy ,he R F induction healin °- A of the specific Sy o? each ofte 

ma I?-? 9a A b rt arri ! r 2 lmS ° btain6d in Example 4 showed an excellent oxv 9 en barrier property, having an oxygen per- 
meabilrty of 3.0 cc/m* . atm - day or less before the gelbo treatment. After the gelbo treatment for 5 minutes the fJms 

1? th ! 0Xy9en bam ' er Pr ° Pert/ - haV,ng ,hS 0xygen Permeability'raised by about 2 oaTrK^TS 

renting " ,mS EXamP ' e 4 " S ° ^ °* y9en barrier P^««S 

«, ac Th K- ,ll TJ b / a !I! ed in lu Example 5 was exce,,ent in tn * oxygen barrier property as in Example 4 except that the film 

4 o Zer.ll^tT" 9e,Dp ; rea,ment - The ,ilms obtain* «" Comparative Example 3 have a lower specJic gravly aS 
to were inferior in the oxygen barrier property. . 

Example 6 

! - 

The following were used as evaporation source materials: MgO with purity of 99.5% and SiO, with ouritv of 99 9% 
(Samples 6-1 to 6-3); CaO with purity of 99.5% and Si0 2 with purity of 99.9% (Samples 6-4 to 6 T and AI,o! w1th 
punty of 99.5%. MgO with purity of 99.5% and Si0 2 with purity of 99.9% (Samples 6 7 to 6-9) AN the evaporation 
source materials were in the shape of particles with a diameter of 3 to 5 mm. The evaporation source maSs w£e 
evaporated by the EB evaporation on one surface of respective PET films (produced by Toyo Bos eki Kab^hiki Ka^ha 
E5100) with a thickness of 12 M m to obtain nine kinds of gas barrier thin films. l^ZSSi^^^ 
tio Turn, m I 3 '"? Sepa / at f y in, ° di,ferent crucibla *- EB gun was used as a heaSng sourcTar^TaTh evapora 
anaes so a^ J^Tr^r Wowin « eva P° ration «ondWon. were controlled within the Swing 

a n n f, S °f t0 ^ » composition and a thickness in each thin film uniform: an emission current of the EB gun from 

uxygen was Turtner measured to calculate the oxygen permeability of each thin film at this 
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point. The results are shown in Table 4. 
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Comparative Example 4-1 



Gas barrier thin films were obtained in the same manner as in Example 6 except that the evaporation source mat* 

ratio of S 0 2 . When an attempt to make a thin film with a high mixing ratio of Si0 2 at a constant tempTa ture ZZ Z 
evaporafon was tned. the resulting thin film had a different composition from that in a S^SS^ Jl^! 

Zl°LT n C °TTIT dif ' erent M0re0V6r - the mixin 9 rati0 of the components in the cructo e was a iedTecause 

tendency. As a resu.t. the composition of the thin fi,m o£I£* 
was d.fferent from that obtained at the beginning. Thus, it was impossible to obtain a thin film with a fixed composition. 

Comparative Exgm pio ±.o 

en,*!! 1 ' 66 °' 938 barriSr thin """S Were formed in ,he same manner as in Example 6 except that the vapor ores- 
to h a ,T,hI evap0r t at,on r S 8X10 t0 15 x 10 ' 3 Torr - A ratio of the specific gravity of each of JhXainSn? ms 

t?:zTn™ and the oxy9en permeabi,ity were in the — ™ - * E-jLst: 

1 to T^^f^TJ? IT,? ?, had satisfactor V «W ^ner properties, having the oxygen permeability of 
JIV^Zh- t Y ? I 3 ' The thm f " mS 0b,ained in Com P a --ative Example 4-2 had low specific gravities The ratio 
o he specrf,c gravity of each of the thin films to that of the composite oxide was less than 55%. The oxygen permea 

' day * more - Thus the thin ,nms ° b,ained in c ° mparative 4 - 2 — 
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to s mm Li *T ° ^ S '° 2 Wih PuHty ° f "- 9% bo,h in the sha P e of witn * diameter of about 3 

L J?! % J* evaporat,on source materials. They were evaporated upon one surface of respective PET films 
(produced by Toyo BoseW Kabushiki Kaisha; E51 00) with a thickness of 12 M m by the EB evaporat on to form Z S 
> of aluminum ox.de-sil.con oxide gas barrier thin films. The evaporation source materials were not mixed but toadisS 

ESS a o ndl o divided int0 p S ons with a carbon p,a,e - The EB gun was used as a ^SSISTSfS 

oaded Al 2 0 3 and S.0 2 were each heated separately. An emission current of the EB gun was 2.0 A A ratio of emission 

pTJwi s V 50 m f : T 70 : 10 50 85 10 m9ke 3 C ° mp0Siti0n and 3 thiCkness of each ^ 'i'm uniforrTA lln 
Twr r* ™< I y a r Unt ° f 0Xy9en 985 WaS 1 30 ccM ' The coo,in 9 ^mperature of the chill roller was kept 
2>n I!!!' dS D ? T 9 , aS bar '' er f ilms were obtained by res Pectively forming a thin film with a thickness of about 
800 angstroms on each PET film. The conditions for forming these films are shown in Table 5A 

ur*H h^ha Tu m VT T ET li lm ,°i eaCh ° f thS ° btained 9as barrier fi,ms ' a s P eci,ic 9 ravitv of ea ch thin film was meas- 
ured by the sink and float method. A ratio of the measured specific gravity to that of the composite oxide was calculated 
The follow.ng expenments were conducted on the gas barrier films which were not used for the measurement of 

Jm fnrmS STpcrn? fi ' m WaS by dry laminatin9 the CPP film with a thickness of 40 ^m on each thin 

Mm i formed on the PET film by using a two-component polyurethane adhesive (with a thickness of 4 urn). The amount 
of the Permeated oxygen at this point was measured to calculate the oxygen permeability. Furthermore, after the retort- 
ing or the gelbo treatment (for 5 minutes) was performed, the amount of permeated oxygen was measured to obtain the 
oxygen permeability. The results are shown in Table 5B. 

Example 8 i 

An aluminum oxide/silicon oxide gas barrier thin film was formed in the same manner as in Example 7 except that 
the ratio o em.ss.on time was 10 : 10. The ratio of the specific gravity of the resultant thin film to that of the composite 
oxide and the oxygen permeability were obtained in the same manner as in Example 7. The results are shown in Table 

ma J?? 9aS b f ri T 2 mS 0btained in Example 7 5howed an excellent oxygen barrier property, having an oxygen per- 
meability o 1 .0 cc/m 2 • atm • day or less before the gelbo treatment. After the gelbo treatment for 5 minutes the f Hms 
were excellent ,n the oxygen barrier property, having the oxygen permeability raised by about 1 cc/m 2 . atm • day or 

r«Jl tIT*' l 93S er ,ilmS ° btained in Examp,e 7 also had sa «sfactory oxygen barrier properties after the 
retort.ng The oxygen barrier property of the film obtained in Example 8 before the retorting was excellent as that of the 

Tw ? M EXamP,e ? - ACCOrdin9, » the deSirab,S COntent 0f A,2 °3 in the ^ is in the rZeTzol jZw 
to 99% by weight when an excellent retort property is required. ""oyweigm 
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Example 9 
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0. oxrcen „as from 0 ,o 20 0 c« avap*^^ T"" * am ° Ura 

are shown in Tables 6A through 6D. measured to obtain the oxygen permeability. The results 

Example 1Q 

Comparative Exflmpi? * 

b,l,.y »ere obtarned ,n the same manner as in Example 9. The resuHs are shown "rabies 6A through Z 
meaS^c^ 

hi 2' ? °? t !' ned ' n EXamP ' e 10 W6re 6XCel,ent in ,he ^rrier property as in ExaZT \Z£5£Z 

the films were subjected to the gelbo treatment. The films obtained in Comparative Example 5 Xl7e r lZ ^^ 
gen barner property. After the retorting, the films were further inferior in the oxygen barker prope^y 

Example 11 

MgO with purity of 99.5% and Si0 2 with purity of 99.9% both in the shape of particles with a diameter of about a to 

cooling temperature of the chill rolle wa keot \ w rZ< ^ i S- X T™* ° f 0Xy9Sn 9as was 130 ccM - A 
stroms were formed on each PET film P hU$ ' " Ve ^ ° f ,h ' n ,,lms wi,h a thickness of about 400 ang- 

ured^hf^ 

The followina exoe^n s ^ 31 * 6a, ! c ,0 that of th * comport, oxide was calculated. 

the specific gravity. V^^iZ^^SllS h T ' WhiCh W6re not used for the measurement of 

film formed on the PEtS b S ^ t£ iTo^nTT *" ° PP ,,m W ' th 3 <hickn6SS of 40 ^ on e ^h thin 
m oy using a two-component polyurethane adhesive (with a thickness of 2 M m). The amount 
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fa^Z^in 0Xy9en ^ ,h l P °i. nt 3 va P° r Permeability were obtained. Furthermore, after the gelbo treatment ffor 

jssfsr™*! amount of permeated ° xy9en and me vapor permeabii ^ -e oSSEirs^iss: 



^ Example 12 



A magnesium oxide/silicon oxide gas barrier thin film was formed in-the same manner as in Examole 1 1 exrpnt t h», 
ox^e and rr ,0n ^IT 5 ° ' 1 °" ^ rati0 °' the SpedfiC 9 ' avi * <* the resultant thinf m t^SSK 

» .^TT2.T an vapor permeabi,ity were ob,ained in ,he same manner as in % tSSuKJ: 

m-If-f 9 ?o b f f 2 mS ° btained Example 1 1 showed an excellent ox /9en barrier property having the oxvaen per- 
meabil.ty of 25 cc/m* . atm -day or less before the gelbo treatment. After fhe gelbo treatment wa XrmeTfo • 12 s 

CC Z U 6S a t ^' lmS f Ce " ent in th6 ° Xy9en barrier propert * havi "9 the ^^S^^S^\ 
ccmi2.atm.day or less. Furthermore, the gas barrier films obtained in Example 1 1 lalsc .had a sa Tsl^Za^l 
<s ner property after the ge.bo treatment. The vapor permeability thereof was also excellent The Sm obS in 
Examp.e 12 was re.at.vely inferior in the vapor barrier property and excellent in the oxygen barrier propel 

Example 1? 

'o Magnesium oxide/silicon oxide gas barrier thin films were formed on respective pet film* „.~< * t 
Boseki Kabushiki Kaisha; E5001) with a thickness of 12 M m by the EB^^^ZS^^. 

S : ar r 9 th8 ,0II °T 9 COndit, '° nS Within ,he ,ol,owin 9 a " Mission current of the EB gun from oTS 

litlTn . °l£ T ,,me ,r ° m 5 : 10 t0 30 : 10: , a " ne from 10 10 200 • amount of oxygen 

5 20.^ 

fHm Thf rSir^f thJ J 7 eac ; h ^'"S a th,ckness of 300 to 3000 angstroms were formed respectively on each PET 
film. The ratio of the specrf.c gravity of each thin film was measured in the same manner as in Example 1 1 Furthermore 
wrapping Mm. were obtained in the same manner as in Example 1 1 , and the oxygen barrier property and th ZZZr- 

;zrr 6 ;r a e nd r - But the 9e,bo treatment in Examp,e 1 3 was ~ ** 1 25 ' ~ a % 
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Magnesium oxide/silicon oxide gas barrier thin films were formed in the same manner as in Example 13 except that 
, 2^^.^7Jir^ W ^ 1 J 1 °' 5t02X 10 - 4T - a ^ a -olingtempera«ureof tr£ JSKL?! 
film J L P 9raVlt/ ,h6 ° Xy9en barrier property and the va P° r barrier P^Perty of each thin 

Sin^ ?h y96n bVTm Pr ° Perty aPd the Vap ° r barrier proper * of each ,hi(1 ,ilm ^e gelbo treatment we e 
obtained in the same manner as in Example 13. The results are shown in Tables 8A and 8B. 

Comparative Example fi 

Magnesium oxide/silicon oxide gas barrier thin films were formed in the same manner as in Example 10 except that 

n * P °\ 9 TJ, U T< l dUmg th6 evaporatio ' 1 was 2 x to* to 15 x 10-3 Torr and a cooling temperature of tSe chilS was 

film^n n 6 T ° f SPeCifi ° 9raV,ty ' ,he ° Xy9en ba -«r property and thevapo^barrie P °opert o elh min 

I7 ai a 2 1 /9en bamer Pr ° Perty and ,he vapor barrier propert y of each film after the gelbo treatment e 
obtained in the same manner as in Example 1 3. The results are shown in Tables 8A and 8B 

abilitv^ ST ''"k T"? 13 Sh ° Wed an eXCel,en, 938 barrier property ' haVin 9 the «W Perme- 
S« ♦?« «■. ' ' Z ° f ' SS bef ° re the 9e ' b ° treatment A,,er ,he 9 elb0 lament was performed for 12 5 min- 
S L 7 T eX ^" ent ' n th9 938 barrier pr0perty havin9 ,he WW Permeability raised by abo™ 
excTllentTn 2 T * T permeabili * thereof wa * «*» satisfactory. The films obtained in Example 14 wire 
n J, r . °= y96n , barner Pr ° Perty 3nd the vapor barrier P ro Perty before the gelbo treatment The Z 
obtamed in Comparative Example 6 were inferior in both the oxygen barrier property and the vapor barrier property 

Example 15 

A silicon oxide gas barrier film with a thickness of 700 angstroms was formed on one surface of a PET film with a 

•3 A CP?f mC * Sif 8 eVaP ,°: ati ° n USin9 & and Si °* US6d in Example 1 under 'he cond^ns usTfo Sarn^ 
J n Z , a , CkneSS ° f 40 ^ m was dry ,amira ted on the evaporated film using an urethane type adhesive 
onZT PO ' ypr0Py e h ne ^ < herainafter referred to as the "OPP film") bearing a printing therein was dry laminated' 
on the other surface of the PET film. The resultant film was heat sealed to produce a bag with a^TsoT^m 
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Comparative Fyampio 7 

Sample 16 

•» pet ,o ,o,: , ««, X * 

The paper carton cou,d preserve ,o, SESr" '°" W " h ' " 7 " m 

be «,ed ,o ,he desc^on as se, »o„h herein, bu, 



Table 1 



30 



Sample No. 



Example 1 : 



Specific Gravity of Thin 
Film 



Ratio A* (%) 



Thickness of Thin Film 
(angstroms) 



Oxygen Permeability 
(cc/m 2 • atm • day) 



35 



40 



1 

2 
3 
4 
5 

6 



1.70 
1.80 
1.87 
1.90 
2.05 
2.12 



64.0 
67.9 
70.6 
71.7 
77.4 
80.0 



300 
300 
700 
700 
1000 
1000 



3.0 
2.8 
2.0 
1.8 
1.4 
1.0 



45 



Comparative 
Example 1 : 

T 

2 

3 



1.40 
1.35 
1.31 



52.8 
50.9 
49.4 



1000 
1000 
1000 



50 



A ratio of a specific gravity of a standard oxide to that of a thin film 



50,0 
50.0 
80.0 
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so 



Oxygen Permeability (cc/m* • a tm -day) 



Table 2: 

Th i c kness 
Specific j Ratio A* of 
Sample Gravity : (%) Thin Film Before After 
NI °* ' (angstroms) Treatment Retorting 

Example 2: 



After 
Gelbo Treatment 





1 


2. 71 


68. 3 


300 


3. 0 


4. 5 


3. 5 


15 


c 


i. 0 1 


72. 3 


500 


2. 0 


2. 6 


2. 5 




3 


2. 98 


75. 1 


500 


2. 0 


2. 4 


2. 5 




4 


.2. 9S 


74. 3 


1000 


i. 6 


2. 0 


2. 0 


20 


5 


3. 02 


76. 1 


1000 


1. 5 


2. 0 


2. 0 




6 


3. 15 


, 79. 3 


1000 


1. 5 


1.8 


2. 1 


25 


7 


3. 14 


79. 1 


2000 


1. 3 


1. 5 


2. 3 




8 


3. 22 


(81.1 


2000 


1. 3' 


J. 4 


2. 3 


30 


9 


3. 00 


;75. 6 


3000 


1. 2 


1.4 


2. 5 




10 


3. 15 


79. 3 


3000 


1. 1 


1. 5 


2. 6 




li 


3. 30 


83. 1 


5000 


0. 9 


1. 3 


3.0 


35 


Exampl e 
















1 


3. 32 


83. 6 


3000 


1. 0 


1. 7 


over** 


40 


2 


3. 35 


84. 4 


5000 


0. S 


1. 4 


over** 


Compara t 


ive Example 


2: 












1 


2. 10 


52. 9 


500 


10. 0 


over** 


20. 0 


45 


2 


2. 15 


54. 2 


1000 


10. 0 


over** 


25. 0 




* 


A ratio of 


a specific gravity 


of a standard 


oxide to that 





of a thin fj;i Int. 

** The oxygen jpermeabi 1 i iy was about 200 cc/m 2 • a tm -day and 
could not be determined precisely. 
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Table 3 





Specific 


Ratio 


Thickness 
A* of 


Oxygen Permeability (cc/«*-atn-day) 


Sample 
No. 


Gravi ty 




Thin Film 
(angstroms) 


Before 
Treatment 


After 
Retorting 


After 
Gelbo Treatment 


Example 4: 












1 


2. 72 


68. 5 


500 


2.8 


4. 3 


3. 2 


. 2 


3. 03 


76. 3 


1000 


1. 5 


2. 2 


2. 0 


3 


3. 18 


80, 1 


2000 


1. 2 


1. 4 


2. 4 


4 


3. 27 


82. 4 


4000 


0. 9 


1. 4 


3. 0 


Example 5: 














3. 40 


8.5. 6 


4000 


0. 7 


1.8 


over** 


Comparat 


ive Example 


3: 










1 


2. 08 


52. 4 


500 


10. 0 


over** 


20. 0 


2 


2. 161 


54. 4 


1000 


10. 0 


over** 


28. 0 




A ratio of 
of a . thin 


a specific gravity 
film. 


of a standard 


oxide to that 




** 


The oxygen 
could not 


permeability was about 200 cc/m s - 
be determined precisely. 


atm-day and 
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Table 4: 

Sample Composition Specific Ratio A* Oxygen 

No - _ (vt *> Gravity (%) Permeability 

(cc/n^-ato-day) 



Example 6: 

1 ' (MgO) - (Si0 2 ) 2.4 85.7 

15 85 

2 (MgO) - (SiOa) 2. 1 75.0 

15 85 

3 (MgO) - (Si0 2 ) 1. 9 67. 9 

15 85 
Comparative Exaaple 4-2: 

1 (MgO) - (SiOg) 1. 52 54.0 

15 85 



1. 0 

1. 8 

2. 2 

20.0 



Example 6: 

4 (CaO) - (Si0 2 ) 2. 35 80.0 2.0 

40 60 

5 (CaO) - (Si0 2 ) 2.12 72.0 3' 2 

40 60 

6 |(CaO) - (Si0 2 ) 1. 70 58. 0 4. 0 

40 60 
Comparative Example 4-2: 

2 (CaO) - (Si0 2 ) l. 47 50. 0 80. 0 

40 60 



0. 8 



Example 6: 

7 (AU0 3 )-(MgO)-(Si0 2 ) 2.52 80.0 

30 10 60 

8 (Ah0 3 )-(MgO)-(SiO ? ) 2.28 72.5 1,2 

30 10 60 

9 <Al ? 0 3 )-(MgO)-(Si0 2 ) 1.89 60.0 2.0 

30 10 60 
Comparative Example 4-2: 

3 (Al ? 0 3 )-<Mg0)-<Si0;>) 1.70 54 0 

30 10 60 



70.0 



* A ratio of a specific gravity of a standard oxide to 
that of a thin film 
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Sample No. 


Ratio of En 


nission Time 


Table 5A 

Emission Current of 
EB Gun (Ampere) 


Film Advance Rate 
(m/min.) 


Vapor Pressure dur- 
ing Evaporation (Torr) 


Examples 7: 


Al 2 0 3 


Si0 2 








1 
2 
3 
4 
5 


30 
40 
50 
60 
70 


10 
10 
10 
10 
10 


2.0 
2.0 
2.0 
2.0 
2.0 


50 
50 
50 
50 
50 


85 v in* 4 
8.8 x 10" 4 
9.2 x 10' 4 
9.4 x 10* 4 
9.6 x10 -4 


Example 8: 














10 


10 


2.0 


50 


8.0 x 10" 4 


i ne suppty amount of oxygen : 1 30 ccM ~~ ■ L 

The temperature of a chill roller : -10°C 





Table 5B: 



Sample Specific Ratio A* Composition 



No. 



Gravi ty 



(%) 



Oxygen Permeabi ] i ty 
Thickness . After 

of Before After Ceibo 

A1 2 0 3 Si0 2 Thin Film Treatment Retorting Treatment 
(wt%) (wtS) (angstroms) (cc/m 2 -atni-day) 



Examp] e 


7: 














I 


2. 25 


72. 3 


35 


65 


800 


0. 4 


0. 6 


2 


2. 38 


72. 8 


47 


53 


800 


0. 4 


0. 5 


3 


2. 50 


73. 5 


. 57 


43 


800 


0. 4 


0. 5 


4 


2. 60 


74. i 


65 


35 


800 


0. 5 


0. 7 


5 


2. 71 


74. 5 


75 


25 


800 


0. 5 


0. 7 


Exampl e 


8 : 
















2. 05 


7 2.0 


15 


85 


800 


J. 0 


30. 0 


* 


A rat io of a speci f ic 
of a thin f i lm. 


gravi ty of 


a siancard 


oxide to 


that 



1. 0 
1. 0 
1. 0 
0. 9 

0. 9 

1. 5 
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Table 6A 



Specific Gravity Ratio A* (%) 



Composition 



Al 2 0 3 (wt%) Si0 2 (wt%) 



Thickness of Thin Film 
(angstrom) 



Ex. 10-1 

Ex. 9-1 

Ex. 9-2 

Ex. 9-3 

Com. Ex. 5-1 

Ex. 10-2 

Ex. 9-4 

Ex. 9-5 

Ex. 9-6 
Ex. 9-7 
Com. Ex. 5-2 
Ex. 10-3 
Ex. 9-8 
Ex. 9-9 
Ex, 9-10 
Ex. 9-11 
Com. Ex. 5-3 



2.55 

2.30 

2.05 

1.90 

1.58 

2.75 

2.50 

2.30 

2.22 

2.05 

1.74 

3.00 

2.75 

2.53 

2.40 

2;25 

1.88' 



87.5 

78.9 

70.4 

65.2 

54.2 

86.5 

78.6 

72.3 

69.9 

64.5 

54.8 

87.2 

79.9 

73.5 

69.7 

65.4 

54.6 



20 

20 

20 

20 

20 

40 

40 

40 

40 

40 

40 

60 

60 

60 

60 

60 

60 



* A ratio of a specific gravity of a standard oxide to that of a thin 



80 
80 
80 
80 
80 
60 

60 

60 

60 

60 

60 

40 

40 

40 

40 
40 
40 



3000 
3000 
1500 
600 
600 
4000 
4000 
2000 
1000 
400 
400 
4000 
4000 
2000 
1000 
400 
400 



film 



i 
I 
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Table 6B 



5 




Oxygen Permeability (cc/rn^ • atm • day) 




Before Treatment 


After Retorting 


AftAr r^alKf% TrA^iiMAMi 

Mirer ueioo treatment 




Ex. 10-1 


0.5 . 


0.5 


over* 




Ex. 9-1 


0.5 


0.5 


O.O 


10 


Ex. 9-2 


1.0 


1.1 


1 0 




Ex. 9-3 


1.0 


1.5 






Com. Ex. 5-1 


10.0 


over* 


in 

1 O.U 


15 


Ex. 10-2 


0.15 


0.2 


over* 




Ex 9-4 


0.2 


0.2 


o.u 




Ex. 9-5 


0.4 


0.4 


1 n 
l .u 




Ex. 9-6 


0.5 


0.5 


n q 


20 


Ex. 9-7 


0.9 


1.0 


1.0 




Com. Ex. 5-2 


8.0 


over* 


12.0 




Ex. 10-3 


0.2 


0.2 


over* 


25 


Ex. 9-8 


0.2 


0.2 


2.8 




Ex. 9-9 


0.4 


0.5 


0.8 




Ex. 9-10 


0.5 


0.5 


0.9 




Ex. 9-11 


0.7 


0.8 


0.9 


30 


Com, Ex. '5-3 


8.0 


over* 


11.0 



mined precisely. 



35 



Table 6C 



40 



Specific Gravity Ratio A* (%) 



Composition 



Thickness of Thin Film 
(angstrom) 



Al 2 0 3 (wt%) 
80 
80 
80 
80 
80 
80 
95 
95 
95 
95 
95 

of a thin film 



Si0 2 (wt%) 



45 



50 



55 



Ex. 10-4 

Ex. 9-12 

Ex. 9-13 

Ex. 9-14 
Ex. 9-15 
Com. Ex. 5-4 
Ex. 10-5 
Ex. 9-16 
Ex. 9-17 
Ex. 9-18 
Com. Ex. 5-5 



3.24 

2.95 

2.75 

2.60 

2.45 

2.00 

3.38 

3.05 

2.80 

2.65 

2.13 



87.4 

79.6 

74.2 

70.2 

66.1 

54.0 

86.6 

78.1 

71.7 

67.9 

54.6 



* A ratio of a specific gravity of a standard oxide to that 



20 
20 
20 
20 
20 
20 
5 
5 
5 
5 
5 



4000 
4000 
2000 
1000 
400 
400 
3000 
3000 
1500 
600 
600 
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Table 60 





Oxygen Permeability (cc/m 2 • atm • day) 




Before Treatment 


After Retorting 


Aft©r Gpihn Troatmont 
rillc| wciuu iicduilciii 


Ex. 10-4 


0.2 


0.3 


over 


Ex. 9-12 


0.2 


0.2 


&, V 


Ex. 9-13 


0.4 


0.5 


1 A 
I .U 


Ex. 9-14 


0.5 


0.6 


0.9 


Ex. 9-15 


0.7 


1.0 


1.0 


Com. Ex. 5*4 


8.0 


over* 


12.0 


Ex. 10-5 


0.3 


0.3 


over* 


Ex. 9-16 : 


0.3 


0.3 


1.2 


Ex. 9-17 


0.6 


0.8 


0.9 


Ex. 9-18 


1.0 


1.5 


1.1 


Com. Ex. 5-5 


10.0 


over* 


15.0 



* The oxygen permeability was about 200 cc/m 2 • atm • day and could not be deter- 
mined precisely. 



t 
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55% or more and 1 00% or less of a specie oral TL ll^T \ * SpeCifiC 9ravit y of the thin ^ 'S 

ature and under atmospheric pressuTe ' 9 3 '° rm °' 3 Crystal 9eneral| y P resent * 

room temper- 
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3.30* bam " " a "°" e " herein ^ ° M > 15 <*«• - •» 9 rav»y 0. ,h. «,,„ ,„ m ,s 2.70 ,0 

oxide as a main component and is formed on a. least mB su^J^lSr ^T'^ conta,n,n 9 a composite 
thin film is 55% or more and 100% or ,ess of a n^TJ^JZTJSt ^ * °' ^ 

of the thin film satisfying the following formulae: V e ' Qht ° r ,6SS ' the specific 9 ravi * 



D = 0.01A + b 
1.6sb*2.2 

" bTweight IS SP6CmC ° f th,n ' i,m: A " 3 C ° ntent °' the a '™ m in «- — posite oxide in % 
te'nfof ^m^^L^T: «"««"•*«" oxide and siiicon oxide, wherein a 



20 



D=0.01B + b 
1.6 <; b£2.3 

* bTSh? ,S SPeC " ,C 9raVity ' 0f thln fi ' m: and 8 iS 9 COntent of the cesium oxide in the composite oxide in * 
^ A multilayered gas barrier film comprising a gas barrier as above and a heat seal layer formed on the gas barrier 

30 fi.m A mU,ti,3/ered barner fi ' m C ° mpriSin9 8 935 barrier as above and * ^ seal layer formed on the gas barrier 
A wrapping material comprising the gas barrier film as above. 
A wrapping material comprising the gas barrier film as above 
A wrapping material comprising the multilayered gas barrier film as above 
A wrapping mater.al comprising the multilayered gas barrier film as above 
A wrapping body using the wrapping material as above. 
A wrapping body using the wrapping material as above. 
A wrapping body using the wrapping material as above. 
A wrapping body using the wrapping material as above. 

Claims 

2 ' to ?7 S 0 b t a o r 3 e 30. ilm aCCOrdiP9 * C,3im 1 ' Wh6rein thS ° Xide iS a ' UminUm ° Xide and the s P eci <" »**y of the thin film 
3 * Clo to 2 a 20 ' fi ' m aCC ° rdin9 10 C ' aim 1> Wh6rein ,h6 ° Xid6 iS SiHcon oxide and the ^Pecffic gravity of the thin film is 

4 ' onT^l^T & ,,,m C ° mPriSin9 935 b3rrier °' any ° ne ° f daims 1 * 3 a "« a n-t sea. .aver formed 

5. A wrapping material comprising the gas barrier film of anyone of claims 1 to 3. 

6. A wrapping material comprising the multilayered gas barrier film of claim 4. 
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A shaped body using the wrapping material according to claim 5 
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(54) A gas barrier film 

(57) The present invention provides a gas barrier 
film including a plastic film and a thin film which is made 
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nent and is formed on at least one surface of the plastic 
film. A specific gravity of the thin film is 55% or more and 
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vides a gas barrier film having an excellent gas barrier 
and retort properties and bending resistance; a gas bar- 
ner film suitably used in a wrapping material for dried 
food, liquid food or food containing liquids, frozen food 
and retort food; a gas barrier film that can be used in an 
electronic oven, can be sterilized by micro waves and 
can contain a free-oxygen absorber; a gas barrier film 
suitably used in a paper carton, a tube, a lid and the like* 
and a gas barrier film suitably used for cutting off gas for 
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